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NANASN Earth-To-Orbit

Nationat Aaronaulcs and Turbomachinery Subsystem
pace Administration
George C. Marshall Space Flight Center

Objectives/Focus

» Develop the Technology Related to the Turbomachinery Systems
of High Performance Rocket Engines

— Advanced Design Methodologies and Concepls
- Develop High Performance Turbomachinery Data Bases
— Validated Turbomachinery Design Tools

« Specific Turbomachinery Subsystems and Disciplines

— Turbine Stages — Structural Dynamics

- Pump Stages — Complex Flow Paths

— Bearings - Materials -

- Seals - Manufacturability, Producibility, Inspectability
- Rotordynamics
- Fatigue/Fracture/Lile

5-13539-1.392
NASA Eaith-To-Orbit- 5
Nalional Agronaulics and Turbomachinery Subsystem
Space Administration g2
George C. Marshall Space Fiight Center
MSFC/LeRC Teaming
Turbomachlnery Thrust Co-Managers — L. Schutzenhofer/MSFC
_J. Gauntner/LeRc
Working Groups Co-Chairmen
; _F. DolawyMSFC
Béanngs J. WakerAeRC
Structural Dynamics - /‘6 ggm&;g
Fluid and Gas Dynamics s :: gm::c
- 5. Gentry/MSFC
Materials R. DreshfieidLeRC
Manufacturing/Producibility/Inspection ——<‘1’, ﬁfﬂ‘ﬁgc
; L. Schutzenhofer/MSFC
Turbomachinery J. Gauntner/LeRC
. . _G. Faile/MSFC _
Faugue/Fracture/Llfe M. McGraw/LeRC 513540 | 392
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NASA Earth-To-Orbit

Nalional Aeronautics and Turbomachinery Subsystem

Space Administration
George C. Marshall Space Flight Center

Determination of Needs and Deliverable Products

Deliverable Products Advanced
-Design Tools Development
-Meathodologies Pump Program
—Data Bases
-Advanced Concepls Advanced
-Processas/Materials Launch System
—instrumentation Program

21712
Engline Studies

0, /HC
Engine Studles

SSME
Development
Program

SSME
lmgrovemem
rogram

5 b4l 1 392

NASA Earth-To-Orbit
g Turbomachinery Subsystem

George C. Marshall Space Filight Center

Technology Components and Disciplines

BEARMNGS
TURBINE
STRUCTURAL DYNAMICS STAGES
I COMPLEX FLOW PATHS ADVANCED DESIGN
METHODOLOGIES/CONCEPTS
[ MATERIALS TURBOMACHINERY VeGH PERFORMANCE
SUBSYSTEMS TURBOMACHINERY DATA BASES
MANUFACTURING /
PRODUCIBILITY
INSPECTABILITY
VALIDATED TURBOMACHINERY
DESIGN TOOLS
ROTORDYNAMICS
FATIGUEFRACTURE/LIFE PUMP
STAGES
SEALS

513542 1 392
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NANASAN Earth-To-Orbit

Nalional Aeronaulics and Turbomachinery Subsystem

Space Administralion
George C. Marshall Space Flight Center

Turbomachinery Component Specific Technologies

 Turbine Stage Design Methods

Modeling of Multistage Turbines For High Eﬁocuency Reduced Loads
and Reduced Heat Transfer Suppoﬂed By Expenmenlal Verification

« Pump Stage Design Methods =~~~

Modeling of Impellers and Inducers For High Efficiency, Reduced Loads,

and Reduced Cavitation Supported by Experimental Verification
« Bearings

Improvemem of Life and Periormance of Cryogemc Beanng Technology

Through improved Design Concepts, Design Criteria, Materials, Manufacturing
Techniques, Lubrication/Cooling Techniques, Dynamic Analys:s Hybnd Suspension
Syslems, etc.

« Seals

Modeling of Seals For Incompressible/Compressible Flows to Reduce Leakage
and Improve Performance; Improve Rotordynamic Characteristics

513545 1 Juz

NANASA Earth-To-Orbit

Naonal Aocnautcs ond Turbomachinery Subsystem
George C. Marshall Space Flight Center

Turbomachinery Discipline Specific Technologies

« Structural Dynamics

Modeling Related to Structural Dynamic Characleristics to Increass Lifetime, Decrease Weight, identily
Insipient Fallures, Decrease Costs, Assess Retrofitable Design Changes, Develop/Validate Dasign Tools

ot COmplex Flow Paths
Improve Modaling of Coolant Flows and Ducts With CFD Supponed By Experimonw Validation
. Ihhrlllo

Develop and Evaluate Candtdale Matedals to Assess Reactivity to High Prsssura/'l’ emperamre and
Oxygen/Hydrogen Environments With Specific Emphasis on Turbine Blades, Bearings, and Seals

. Ihnufactunblmy. Producibllity, lnspocnblllty

Devolop/EvaIuale Process Techniques Impfovo and Optimize Producibility, Improve In- Service Nondestructive lnspecuon etc.
» Rotordynamics

improve Rotordynamic Modeling, Diagnostic Procedures, Balancing Methods, Probalistic Analysis Methods Along With Experimental Validation
- Fatigue/Fracture/Life S — - . R

Develop, Test and Verity Analysis Tools Related Fracture Mechanics, Crack lm'tiatioﬁ Lite Prediction, Associate

Materials Data Base, elc. to Improve Service Lite Pradiction

5 1354y, 13U
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NNSA Earth-To-Orbit

Natonat Aot nd Turbomachinery Subsystem
George C. Marshall Space Flight Center

Turbomachinery Large Scale Validation

Objective: Provide Validation of Turbomachinery Design
Methods and Hardware Concepts Through

— Bench Testing

- Large Scale Subcomponent Testing
— - Rig Tests
—— Turbopump Tests

— Engine Systems Tests (TTB)

. Compare Data to Most Advanced Computational Methods

~ Stress Methods to Limits -
~ Parameter Sensitivity Studies

» Develop Turbomachinery Specific End Products

- Validated Design Methods

— Empirical Data Bases

— Scaling Laws/Methods

— Design Criteria; Life Limits, Performance, ...
— Advanced Hardware Concepts

N,\SA Earth-To-Orbit

Space Adminslalion Turbomachinery Subsystem

George C. Marshall Space Flight Center

513847 3 302

Turbomachinery Large Scale Validation

DEVELOP/VALIDATE ADVANCED TURBOMACHINERY DESIGN METHODS

TURBINE/IMPELLER STAGES '
HOT GAS FLOW PATHS COOLANT FLOWS
ROTORDYNAMICS BEARING/SEALS

BENCHMARK TESTS
SUBSYSTEM/COMPONENT TEST

ENGINE SYSTEMS TEST (TTBE)

#

INCREASED LIFE, LOWER MANUFACTURING COST, INCREASED PERFORMANCE, INCREASED MARGIN

F1997-71%
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N’\S’\ Earth-To-Orbit

National Aaronaulics and Turbomachinery Subsystem
Space Administration
George C. Marshall Space Flight Cenler =
-
Accomplishments -
-
+ Turbine Stage - &
Computational Fluid Dynamic Analysis and Validation Led to Decision to Implement a o
Single Stage Turbine Into STME Instead of Two Stages. % ’
« Complex Flow Paths
Technology Flow Testing Led to the Development of the SSME Phase ll+ Hot Gas %
Manifold; CFD Analysis Validated In Air- and Water-Flow Facilities
-
5-13551-1. 392 i
N’\S’\ Earth-To-Orbit %
National Aeronautics and '
Natonal Aeronauics Turbomachmery Subsystem
George C. Marshall Space Flight Centar e T ETE e s e =
, = .
: 9
Turbine Stage
“Consortium for CFD Applications in Propulsion =
« Objectives
— Identify needs g E =
— Development of CFD as a design tool through challengmg applications —
- Evaluat»on/development of advanced hardware concepts
_ + Teams in place . %
— Turbine
- Pump =
- Combustsondnven ﬂows =B
« Participants (e.g., Turbine Team) o _
NASA . Industry o Small Business Universities -
MSFC Aerojet Calspan Penn. State Univ. .
LeRC General Electric Rotodata Miss. State Univ. o
ARC Pratt & Whitney Sci. Res. Assoc. Univ. of Ala. (T) =
Rockeldyne SECA Univ. of Ala. (Hsv.) -
United Technologies Res. Cen.
< Technology Transfer——— 5-12552.1-390 =
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NNASA Earth-To-Orbit

Natioral Aetonaulics and Turbomachinery Subsystem

Space Adminisiration
George C. Marshall Space Fiight Center

Turbine Stage — Generic Gas Generator

» Objectives
— Enhance and Validate Turbine Design Tools
— Transfer Advanced Technology to Turbine Design Process

Approach
— Develop and Implement Plan Cognisant of STME Program Goals
Focus Activity Around STME Turbines but Ensure End Producls are Generic
Establish a Focused Team of Committed Turbine Experts to Drive Technology
Transfer and Focus Deliverable Products toward Design Tools
Benchmark Codes With Air-Flow Data
Establish and Evaluate Advanced Baseline Turbine Stage
Fine Tune Baseline and Validate in Air-Flow Test

- Resuits

- Code Validated for STME - Type Turbine Stage
High Turning (160°) Blade Designed/Evaluated
Efficiency Increased by 9.8 Percent
Single-Stage Turbine Instead of Two
Projected Life-Cycle Cost Savings of $71M

K 13R44.1 W2

NI\SI\ Earth-To-Orbit

National Aeronaulics and Turbomachinery Subsystem

Space Administration
George C. Marshall Space Flight Center

Turbine Stage — Validation

6.0

80 — RA13DC Prediclion
O Experimenial Data

<100 [~

-12.0

-14.0 1 1 1 | 1 1 1 i 1
.0.0 p1 02 03 04 05 06 07 08 09 10

Xc

Figure 3b. Pressure Distributions for the Stator at the
50% Spanwise Location

LR R Y
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NNASA Earth-To-Orbit

Natlona, aronautics and Turbomachinery Subsystem
George C. Marshall Space Flight Center

Turbine Stage — Blade Comparison

Traditional Blade Design  Advanced Concept Blade Design

D))

5175411 Q2

NASA Earth-To-Orbit

pepesee  Turbomachinery Subsystem

George C. Marshall Space Flm Cénier )

Turbine Stage — Flow Parameter Comparison

Previous State-of-the-Art Advanced G°T Design

) GG Experience ' “Concept

General Description 70130 Work Spiit | 50/50 Work Split
Nominal Annulus Height increased Annulus Height

Blade turning 135° 160°
Fluid ﬂaccr;rgle,ratlon . 0.9 1.6
Max bla;lx;lrla;ﬁ numberf 1.32 0.87
Efficiency . Base +9.8 percent
Airfoil count Base -55 percent

5 13456 + 392
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NNASAN Earth-To-Orbit

National Aeronautics and Tu rbomaChinery Su bsystem

Space Adminisiration
George C. Marshall Space Flight Center

Turbine Stage ~ Turbine Aerodynamic Loading

180

160 G*TO STME LOX (1 STG) o
GSTME LOX (2 5TG)

140 - - .ATDLOXO- - - STMEFuelaq 2Fuel ... pI2L0X ... g’:‘g;ftﬁ:\n

ORLI0

(o)
Turning . SSME LOX OF1

¢ 120
QATD Fuel

100 O SSME Fuel

60 ] T T T T T T

0 2 4 6 8 10 12 14 16
Jahg
Turbine Loading Coeflicient- -QUTSTQ

M Soeetd 1

NANASA Earth-To-Orbit

o e Turbomachinery Subsystem

George C. Marshall Space Flight Center

Turbine Stage — Key Milestones 2/26/91

1989 1990 1991 1992 1993 1994 1995
11213 213 11213 2]3 1]12(3

4 4 1 4 4 4 4
TURBINE TEAM MEETINGS v|viviV|VIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIV
STME Block | Targets ] PDR 1

CODE DEVELOPMENT, ENHANCEMENT,
AND VALIDATION ]
Rotord VakdatiorvEnhancement (P&W) 1 3
(3D Unsteady, Single Stage) 4 YY
Stage2 Developmant {ARC) v
(20 Unsteady, Multi-Blade, Multi-Stage)

Stage3 Development (ARC) v
(3D Unsteady, Mutti-Blade, Multi-Stage) ] 1
improved Deterministic Sess Modaling (PAW) \ 1
improved Turbulence Modeling (PSU)
HAH3D Release (LeRC) T80
VALITATION DATA ) _
UTRC Heal Transi B (P G Y N SO O
PAW Unsieady Aerodynamics

SSME Asrodynamics and Heat Transler
{MSFC, CUBRC) ]
UTRC Hot Streak . _1
ADVANCED CONCEPT DEVELOPMENT . _
G 37 Basetine Design
Basaline Design v _ 1
Basaline Rig Tast \ .
Advances Concept Design 1
Advanced Concept Rig Test V 1
Advamced Hot Fue Test l y B
Key

1. Validation against sleady asrodynamic and heat ransler dala 4. Steady aerodynamic data

2. improved turbulence modeling 5. Unsleady aerodynamic and heat lransler data
3. Vald, againsl dy ic dala 6. ATD steady aerodynamic data

-
E-N

1;
<] o
>

L 145G 1 302
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NNASN Earth-To-Orbit

National Aeronautics and Turbomachlnery Subsystem

Space Adminislration
George C. Marshall Space Flight Center

Turbine Stage — Technology Transfer

. STME LOX turblne design decision: one vs. two stage turbine
- LCC - favors one stage (reduction in LCC of 71 million dollars)
- Risk - comparable
- Rotordynamic - comparable, slightly favoring one stage
- Hardware simplicity - favors one stage

— Turbine stage technology team support available for one stage

By concensus of Aerojet, Pratt and Whitney, and Rocketdyne

on Novermber 15, 1990, a one stage oxygen turbopump turbine
was recommended and subsequently implemented into the STME
design.

5 13557 | 392

NN\S/\ Earth-To-Orbit —

Natonal Asronauscs and Turbomachinery Subsystem
George C. Marshall Space Flighi Center * 7 -7 ©# =+ = * :

| Complex Flow Path - SSME Phase Il +

«  Objectives
~ Validate CFD ahalySis"GSﬁgiéi}f and water-flow data
— Evaluate 2-duct versus 3-duct HGM design

. Approach -

- Compare CFD results to air- and water-flow tests

— Apply CFD codes and test rigs to 2-duct and 3-duct HGM designs

. Results

~ Good agreement between CFD predicted and measured wall pressures
~ 2-duct manifold results in

» Lower side loads on turbine end

+ Lower turbine temperatures
* More benign internal flow environment

5 13558 1 392
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NNASA Earth-To-Orbit

National Aeronautics and Tu rbomaChinery SUbsystem

Space Administration

- George C. Marshall Space Flight Center

Complex Flow Path - Static Pressure Distribution at Turbine Exit Plane

—— CFD Prediction
®  DATA (Water Flow Model
ATD Baseline Struts)

1.0

e
n

Static Pressure Coefficient (C,)
) =3
[4)] [=]

—_

10 [ N . : z I N " X L 1 s s : N 1 N N .
0 90 180 270 T 360

Angular Location (Degrees)
Center Tube Transier Tube Transler Tube  Center Tube

5§ 10LL5 1 392

N’\SI\ Earth-To-Orbit

National Aeronautics and Turbomachinery Subsystem

Space Adminisiration
George C. Marshall Space Flight Center

Complex Flow Path — Technology Transfer

.  SSME Program Made Key Decision to Develop Two Duct HGM

— Developmental Hot Fire Testing In Progress
— Program Plans Indicate First Flight 1996

5 13560 1 392
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NNASA Earth-To-Orbit

National Astonautics and Turbomachinery Subsystem

Space Administration
George C. Marshall Space Flight Center

Potential Augmented Work

+ Flow Model of Entire Rocket Engine
» Advanced Turbopump

» Casling Technologyi

« Advanced Materials

5-13686-1-392

NNSA Earth-To-Orbit

NaioratAaronaics and Turbomachinery Subsystem SRR
George C. Marshall Space Flight Center

‘Summary

-  Focused Management Milestone Plan In Place Via

Cooperative Efforts Between MSFC and LeRC with
ARC Partlcipalkm,fii e *f”*””

«  Technology Belng Developed That has Potemial to Flow
Into Ongolng Maln Stream Programs

«  NLS Distinguishable Technology Products Being Evolved
That Also Have Generic Payoffs

. Technology Transfer Being Accomplish and Accelerated
Via Consortium for CFD Application In Propulsion Technology

513561 1 392
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INTEGRATED TECHNOLOGY PLAN

FOR THE CIVIL SPACE PROGRAM

P 1ON TECHNOL
EARTH-TO-ORBIT TRANSPORTATION
EALT, NITORING & DIAGNOSTI

AND CONTROLS

S. Gorland

6/26/91

Transportauon Technology

Earth-To-Orbit Transportation

INSTRUMENTATION
TECHNOLOGY NEEDS
o IMPROVED SENSORS AND MEASUREMENT SYSTEMS FOR BOTH CURRENT AND FUTURE
SPACE PROPULSION SYSTEMS IN ORDER TO PROVIDE:
o DETAILED MEASUREMENTS FOR CODE VALIDATION IN:
o  SUBCOMPONENT TESTS IN LABORATORIES.
o COMPONENT TESTS IN FACILITIES.
o TEST BED ENGINE.
o IMPROVED TEST AND LAUNCH STAND INSTRUMENTATION.
o IMPROVED SENSORS AND SYSTEMS FOR OPERATIONAL ENGINES FOR BOTH:

o CONTROL PARAMETERS.
0  HEALTH MONITORING.

PR9-13



Transportation Technology

Earth-To-Orbit Transportation

INSTRUMENTATION

CHALLENGES

0

THE ENVIRONMENTAL REQUIREMENTS UNDER WHICH THE SENSORS MUST FUNCTION AND
125 PARAMETERS TO BE SENSED ARE FREQUENTLY BEYOND CURRENT STATE-OF-THE-

MEASUREMENT SYSTEMS FOR CODE VALIDATION MUST BE NON INTRUSIVE (E.c.
OPTICAL) OR AT LEAST MINIMALLY INTRUSIVE (e.c. THIN FILM) BECAUSE THE
CODES DO NOT ALLOW FOR THE PRESENCE OF A SENSOR.

MEASUREMENT SYSTEMS FOR CODE VALIDATION MUST ALSO PROVIDE HIGH TEMPORAL
AND SPATIAL RESOLUTION BECAUSE THE CODES ARE USUALLY FINE MESH SOLUTIONS.

SENSORS FOR OPERATIONAL ENGINES MUST BE HIGHLY RELIABLE PARTICULARLY WHEN

FUTURE LONG TERM MISSIONS ARE CONSIDERED.

MEASUREMENT SYSTEMS FOR TEST AND LAUNCH PAD OPERATION MUST REQUIRE
MINIMUM MANPOWER AND/OR MAINTENANCE WHILE SURVIVING THE EXTREME ACOUSTIC,
VIBRATION, AND THERMAL ENVIRONMENTS DURING LAUNCH.

Transportation Technology

Earth-To-Orbit Transportation

APPROACH

0

o

o

o

DEVELOP THIN, SPUTTER DEPOSITED FILM SENSORS.

MAXIMIZE THEWUSE OF OPTICAL SYSTEMS AND FIBER OPTICS.

CAPITALIZE ON DEVELOPMENTS IN THE COMPUTER, MICROELECTRONIC, AND LASER
TECHNOLOGY FIELDS. |

BALANCE THE PROGRAM AMONG IN-HOUSE, GRANT, AND CONTRACT WORK.

COORDINATE CLOSELY WITH THE OTHER TECHNOLOGY GROUIr’St,V PARTICULARLY
CONTROLS.
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Transportation Technology

Earth-To-Orbit Transportation

BENEFITS

0

INSTRUMENTATION

RELIABLE SENSORS FOR:

o  CONTROL AND HEALTH MONITORING.
o  INCREASED CREDIBILITY OF COMPUTER CODES.

MORE DIRECT SENSING OF THE PARAMETER REQUIRED RATHER THAN INDIRECT
INFERENCE FROM OTHER MEASUREMENTS.

MORE EFFICIENT AND SAFER STAND AND PAD OPERATIONS.

GENERIC TECHNOLOGY APPLICABLE NOf ONLY TO EARTH-TO-ORBIT PROPULSION
SYSTEMS BUT ALSO TO SPACE BASED PROPULSION SYSTEMS INCLUDING NUCLEAR.

Transportatiun Technology

Earth-To-Orbit Transportation

CURRENT PROGRAM

o

INSTRUMENTATION

DETAILED MEASUREMENTS FOR CODE VALIDATION IN LABORATORIES, RESEARCH
FACILITIES, AND THE TEST BED ENGINE.

o  THIN FILM THERMOCOUPLES AND HEAT FLUX SENSORS FOR THE TURBINE
ENVIRONMENT. ,

0 PLUG TYPE HEAT FLUX SENSORS FOR TURBINE TRANSIENTS.
o OPTICAL SYSTEMS FOR:

0
0
0

o
0

PREBURNER GAS TEMPERATURE.

TURBINE REGION FLOW MEASUREMENT,

2D STRAIN MEASUREMENTS IN HIGH TEMPERATURE MATERIALS

TEST FACILITIES.

HOLOGRAPHIC STRUCTURAL FLAW DETECTION. o

OPTICAL SYSTEM ALIGNMENT IN HARSH ENVIRONMENTS USING NEURAL

NETWORKS.

PR9-15



Transportalion Technology

Earth-To-Orbit Transportation

JMENTATI
CURRENT PROGRAM (CONT)
o IMPROVED TEST AND LAUNCH STAND INSTRUMENTATION
o OPTICAL PLUME ANOMALY DETECTION SYSTEM.
o GASEOUS (H2) LEAK DETECTION USING:
o SOLID STATE POINT SENSORS.
o REMOTE OPTICAL SYSTEMS.
=
]
TransporlaNOu chhnolog\;
Earth-To-Orbit Transportation

=

‘ (xall
1

|

|

|

CURRENT PROGRAM (CONT)

o  IMPROVED ' SENSORS AND SYSTEMS FOR OPERATIONAL ENGINES FOR BOTH CONTROL AND
HEALTH MONITORING. _
o OPTICAL COMBUSTION CHAMBER GAS SPECIES MEASUREMENT
o  FLOWMETERS:
o  VORTEX SHEDDING.
o  ULTRASONIC,
o TRIBOELECTRIC.
o  NON-INTRUSIVE SPEED SENSOR FOR TURBOPUMPS. =
o  BEARING DEFLECTOMETER. -
o TURBINE BLADE PYROMETER.
o  BRUSHLESS TORQUEMETER.
o PRESSURE SENSOR. =
-

PR9-16
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Transportatio.« Technology
Earth-to-Orbit Propulsion

Leak Detection

Teghpo_lqu Needs:

- Develop sensors that detect propellant leakage from
cryogenic liquid fueled rocket engines.

Technology Challenge:

- Develop hydrogen and oxygen sensors exhibitting:
- Fast response
- High sensitivity
- High spatial resolution

- Harden and package sensors for engine environment.

Benefits:
- Enables real time leak detection of propellants.

- Increases engine/mission safety.

Mask for Hydrogen Sensor

Hydﬁogen sens;ﬁéii
lead

Resistance heater
lead

Hydrogen sensing
lead

7

v

\\\ Resistance heater lTead

Thermocouple Yead
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HOLOGRAPHIC INTERFEROMETRIC
CONFIGURATION FOR LEAK DETECTION

Beamsplitter

E

& N

Laser [T IG

N

/ E

Recording l%elf_leﬁtted
Medium \> ig

L\‘D SPACE PROPULSION TECHnoLOGY pivision  INASA

Lawis Research Center

ATBDINCE TECHn0i 08T MALC TORANE

HOLOGRAPHIC INTERFFROMETRY |FAK DETECTION

HOLOGRAPHIC INTERFEROGRAM OF A LEAKY PIPE FITTING
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Transporlation Technology

Earth-To-Orbit Transportation

INSTRUMENTATION

AUGMENTED PROGRAM _
o ACCELERATE THE RATE AT WHICH ADVANCED INSTRUMENTATION IS APPLIED.

o CURRENT PROGRAM IS FOCUSSED ON DEVELOPING AND VALIDATING NEW
MEASUREMENT CONCEPTS IN THE LABORATORY.

o  CURRENT FUNDING LEVELS PERMIT THE DEVELOPMENT OF ONE (OR A FEW)
PROTOTYPE MEASUREMENT SYSTEMS FOR FIELD APPLICATIONS.

o  AUGMENTED FUNDING WOULD ALLOW MORE RAPID APPLICATION OF NEW
MEASUREMENT TECHNOLOGY.

o SPECIFIC EXAMPLES INCLUDE:

HYDROGEN LEAK DETECTION SYSTEMS.

THIN FILM SENSORS.

ADVANCED FLOW, TEMPERATURE, AND TORQUE SENSORS.
OPTICAL DIAGNOSTIC SYSTEMS.

[~~~ ]

Transportalion i echnology

Earth-To-Orbit Transporlation

AUGﬂEﬁTED Pnocm (cmm

o DEVELOP NEW AND UPGRADE EXISTING INSTRUMENTATION TEST FACILITIES T0
ENHANCE RESEARCH PRODUCTIVITY. ===~ =

o NEW FACILITY FOR HYDROGEN LEAK DETECTION SYSTEM TEST AND CALIBRATION

o NEW FACILITY FOR THE EXPOSURE OF SENSORS. WATERIALS SAWPLES,

COATINGS, AND OTHER SMALL ITEMS TO HOT (BURNING) HYDROGEN AT ELEVATED

PRESSURES AND UNDER TRANSIENT FLON AND TEMPERATURE CONDITIONS

PRg-22
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